SUMMARY A clinicopathological case of pontine metastatic tumour is reported with an oculomotor syndrome including bilateral horizontal gaze paralysis affecting saccades and foveal pursuit. During full-field pursuit, oculocephalic movement, and after caloric stimulation, the right eye alone was able to move slowly only 300 to the right of the midline. Convergence and vertical eye movements were unaffected in either eye. The lesion lay in the whole left pontine tegmentum and partly in the right pontine tegmentum which was also strongly compressed and displaced to the right. The bilateral horizontal gaze paralysis resulted from damage to both paramedian pontine reticular formations. The unusual combination of an absence of foveal pursuit with the persistence of a rightward full-field pursuit analysed in the light of recent experimental work, suggested a clear separation between the brainstem pathways of these two types of pursuit movement. Lastly, according to our data and other clinicopathological findings previously reported, it appeared also that the paramedian pontine reticular formation role in the triggering of voluntary vertical saccades is less significant in man than in the monkey.
Hospitalier de Bicetre, Kremlin-Bichtre,t France SUMMARY A clinicopathological case of pontine metastatic tumour is reported with an oculomotor syndrome including bilateral horizontal gaze paralysis affecting saccades and foveal pursuit. During full-field pursuit, oculocephalic movement, and after caloric stimulation, the right eye alone was able to move slowly only 300 to the right of the midline. Convergence and vertical eye movements were unaffected in either eye. The lesion lay in the whole left pontine tegmentum and partly in the right pontine tegmentum which was also strongly compressed and displaced to the right. The bilateral horizontal gaze paralysis resulted from damage to both paramedian pontine reticular formations. The unusual combination of an absence of foveal pursuit with the persistence of a rightward full-field pursuit analysed in the light of recent experimental work, suggested a clear separation between the brainstem pathways of these two types of pursuit movement. Lastly, according to our data and other clinicopathological findings previously reported, it appeared also that the paramedian pontine reticular formation role in the triggering of voluntary vertical saccades is less significant in man than in the monkey.
Numerous experimental and clinical studies have shown that each of the paramedian pontine reticular formations, located near the abducens nuclei (VI), is the last supranuclear relay involved in the generation of all types of ipsilateral horizontal saccades. ' 2 The mesencephalic reticular formations, lying just above the oculomotor nuclei (III), have an analogous function in vertical saccades mediation.34 For reflex eye movements the immediate premotor relays are the vestibular nuclei.5 These nuclei are directly connected to the nuclei of the sixth and third nerves by tracts independent of the reticular formation. Thus, the entrances of the final common pathways for lateral and vertical eye movements are located in the nuclei of the sixth and third nerves respectively. In spite of these advances in our knowledge of ocular motility organisation, it remains uncertain which pathways are involved in the different pursuit movements, and what is the functional influence of the paramedian pontine reticular forma-tion on the mesencephalic reticular formation. The clinicopathological findings reported here provide new information about these two questions.
Case report
A 59-year-old man was admitted to hospital on 19 July 1979 for a progressive right hemiparesis which had arisen two weeks previously. A (27 NOVEMBER, 1979) Eye movements were recorded separately for each eye using direct current electro-oculography. Horizontal recordings were approximately calibrated from the oculocephalic movement of the right eye, vertical recordings from voluntary saccades. At rest, both eyes were on the midline with no fixational instabilities.
Horizontal movements (fig 1) Voluntary saccades were absent for both eyes bilaterally, the eyes remaining fixed on the midline (fig 2a) . Foveal pursuit movements (attempted with a small, smoothly-moving target) were also absent bilaterally (fig 2b) , even when the target velocity was very slow (5°/s). Rightward full-field optokinetic stimulations (using alternating black and white stripes, moving at several velocities from 10°/s to 600/s across a screen located 80 cm in front of the patient and covering 90°of his visual field) elicited a slow movement of the right eye, up to 300 rightwards, without any leftward quick phase ( fig 2c) ; the velocity of this movement was slower than (fig 3) , the left medial longitudinal fasciculus (MLF), the left abducens and facial nerve nuclei and the neighbouring left pontine reticular formation (including the caudal paramedian part) no longer existed. The fibres of the left sixth and seventh cranial nerves were demyelinated at their exits from the brainstem. Furthermore, the right pontine tegmentum had been shifted rightwards. Despite a significant displacement of the medial and right lateral sulci most of the structures enclosed in this right tegmentum were not directly damaged and were still visible (figs 4 and 5): in particular the right MLF, the right abducens nucleus and the nucleus of the right facial nerve and its genu. The fibres of the right sixth and seventh nerves were normal at their brainstem exits. On the other hand, the region related to the right caudal paramedian pontine reticular formation, located ventrally to the right abducens nucleus, was much damaged and swollen. At mid-pons level (fig 6) , the tumour was more extensive and involved the tegmentum almost totally, with a slight predominance on the left side. Ventrally, it reached the dorsal part of the medial lemnisci. Neither MLF was visible and the area of the rostral paramedian pontine reticular formation (situated ventrally to the MLF) was completely destroyed on both sides. In the upper pons only a few cells of the left locus coeruleus were still visible g o * . f l . There was a slight pallor of the left pyramidal tract in all the brainstem sections.
A second metastatic nodule was found in the left temporal pole, 1 cm in diameter at its largest. In the right amygdala nucleus a third small metastasis, not exceeding 2 mm, was discovered. A diffuse vascular dilatation, an arachnoid thickening, and polynuclear thrombi in the lumen of small vessels were also noted.
The location of this metastatic tumour, which involved the pontine tegmentum almost totally on the left side but also partly on the right, accounts for the impairment of lateral eye movements and the preservation of vertical movements. However, certain clear dissociations in these oculomotor disorders deserve comment.
Horizontal movements Since the left abducens nucleus had been destroyed, and with it both the motoneurons mediating the left eye abduction and the internuclear neurons controlling the right eye adduction, neither eye could move to the left. Likewise, the destruction of the left MLF explains the loss of the left eye adduction. Only convergence allowed both eyes to go inwards. These oculomotor palsies illustrate a "one-and-a-half' syndrome.67 However, this syndrome was extended since the right eye abduction was also defective, completely for saccades and foveal pursuit, partially for the other eye movements in which amplitude was reduced.
The loss of all rightward saccades in the right eye implies damage to the right paramedian pontine reticular formation. This formation is located in man, as in the monkey, very close to the midline, ventrally but also rostrally to the abducens nucleus.8-'0 Consequently, in this case it was destroyed by the tumour, totally in its rostral portion (at midpons level) and largely in its caudal portion (near the abducens nucleus). Indeed, a small part of the right caudal paramedian pontine reticular formation (lying laterally) was spared by the tumour itself, but being located in its immediate vicinity was probably impaired functionally by the oedema and the peritumoral compression.
The absence of rightward, right eye, foveal pursuit may be variously explained. If a final necessary relay for foveal pursuit exists in the tonic cells of the paramedian pontine reticular formation," 12 these cells must have been damaged by the lesion, as was the case for the phasic cells which control saccades. Even admitting now that such a paramedian pontine reticular formation relay is doubtful in view of other more recent preliminary data reported in the monkey,'3 the final tegmental part of the supranuclear pathways involved in horizontal smooth pursuit was almost certainly damaged by the lesion at the midpons level.
The conservation of a rightward full-field pursuit in the right eye (along with other similarly directed eye movements originating in the vestibular system) allowed one to assume pnor to post-mortem study that the right abducens nucleus and fibres as well as Pontine metastasis with dissociated bilateral horizontal gaze paralysis the left vestibular nuclei had not been destroyed. It is likely that the compression of the right pontine tegmentum caused a partial functional impairment in its enclosed oculomotor structures, particularly of the abducens motoneurons, thus explaining how the amplitude of all remaining rightward movements could be reduced equally. One of the most surprising clinical features was to find a rightward full-field pursuit among these movements since arguments are not lacking to account for loss of foveal pursuit in this direction. Such a dissociation of these two types of pursuit in a brainstem lesion is, to our knowledge, unique. It appears to confirm current thinking in which foveal pursuit pathways and those of optokinetic or full-field pursuit are considered to be separate in the premotor areas. The former would no directly involve the vestibular nuclei'4 but would implicate partly the cerebellum, '5-'8 and especially certain zones of the brainstem possibly including the nucleus reticularis tegmenti pontis, '9 located just dorsally to the medial lemnisci in mid-pons and consequently destroyed in our case. The latter, involving also partly the cerebellum'8 and possibly the medial pontine nuclei20 (located ventral to the medial lemnisci and consequently undamaged in our case), would afterwards principally pass through the vestibular nuclei '4 21 from which they would join the abducens nuclei by direct tracts, as is the case with other reflex eye movements. Both the rightward full-field pursuit preservation and the loss of rightward foveal pursuit could thus be explained in this case. However, although it appears now unlikely, it may also be argued that the final part of the supranuclear pathways is identical for both types of pursuit, and only partially functional in our case. It would then be theoretically possible for a full-field visual stimulation to be simply more effective than a single foveal stimulation. In this last, the normality of vertical saccades could theoretically result from the preservation of a small portion of the right caudal paramedian pontine reticular formation. However, this portion could in our opinion be functionally impaired (see above in discussion). Accordingly, it may be finally asked whether the premotor organisation of voluntary vertical saccades is not far more independent of paramedian pontine reticular formation influences in man than in the monkey.
